The purpose of this study is the identification of young (1 < age < 100 Myr), nearby (d 100 pc) moving groups (YNMGs) through their kinematic signature. YNMGs could be the result of the recent dispersal of young embedded clusters, such that they still represent kinematically cold groups, carrying the residual motion of their parental cloud. Using the fact that a large number (∼ 14000) of the RAVE sources with evidence of chromospheric activity, also present signatures of stellar youth, we selected a sample of solar type sources with the highest probability of chromospheric activity to look for common kinematics. We made use of radial velocity information from RAVE and astrometric parameters from GAIA DR2 to construct a 6-dimension position-velocity vector catalog for our full sample. We developed a method based on the grouping of stars with similar orientation of their velocity vectors, which we call the Cone Method Sampling. Using this method, we detected 646 sources with high significance in the velocity space, with respect to the average orientation of artificial distributions made from a purely Gaussian velocity ellipsoid with null vertex deviation. We compared this sample of highly significant sources with a catalog of YNMGs reported in previous studies, which yield 75 confirmed members. From the remaining sample, about 50% of the sources have ages younger than 100 Myr, which indicate they are highly probable candidates to be new members of identified or even other YNMGs in the solar neighborhood.
INTRODUCTION
Young star clusters are typically found in star forming regions within Giant Molecular Clouds (GMC) while still embedded in their parental gas (e.g. Lada & Lada 2003; Allen et al. 2007; Pelupessy & Portegies Zwart 2012) . Young stellar aggregations are usually bright in infrared wavelengths because many of their members display dusty circumstellar disks and the regions are normally associated to bright nebulosity features, all clear indicators of youth. Moreover, the dusty parental gas acts as a screen against the background population making clusters easier to spot on images. This is valid for relatively nearby associations where foreground population is minimum and contamination can be easily removed. But once a young cluster is no longer embedded, its detection gets complicated. Typically, after 10 Myr most of the parental gas is evacuated, along with the dispersal of most circumstellar disks and the dynamical relaxation of the system, which diminishes its density (Lada & Lada 2003) . Then, the components of most of the clusters mix with the Galactic disk population, which challenge the identification of the cluster members. At that evolutionary stage, emission line youth indicators such as the Li 6707 Å line (e.g. Sicilia-Aguilar et al. 2005) or X-ray emission (e.g. Stelzer & Neuhäuser 2000) are invoked for membership confirmation, but these diagnostics are difficult to implement in large samples. Moreover, if the cluster is close enough (10-10 2 pc), it cannot be distinguished as an overdensity in the sky because it covers very large areas.
A feature that can help to identify a dispersed cluster is the common kinematics still imprinted in their members; at ages of one to a few tens of Myr, young groups still stand out from the local velocity ellipsoid and have small velocity dispersions (Antoja et al. 2012 ). Known at this point as Young Nearby Moving Groups (YNMG; for a detailed review on the topic see Torres et al. 2008) , they can still be identified as they keep moving together away from their parental cloud before entering the Galactic Disk highway.
The motivation of this work is to present a new method and procedure to identify emerging groups of young stars in the disk of the Galaxy through their kinematic signature. Finding such groups can be useful to understand the early evolution of unbound stellar groups, particularly how they disperse and integrate to the population of the galactic disk. Also, we look for a suitable technique for the identification of YNMG members, taking advantage of the increasing availability of data to provide the necessary parameters to construct full positionvelocity vectors. Moreover, studying these kind of stars in the Solar Neighborhood can contribute to the understanding of star formation on the disk, as well as to its kinematic evolution.
Current identification methods are largely based on proper motions (e.g. Hoogerwerf & Aguilar 1999; Gagné et al. 2018 ) and positions (e.g. Koppelman et al. 2018) , but this limited kinematical information makes group identification inconclusive, or unreliable. Riedel et al. (2017) developed a statistical method for the identification of YNMGs through their position and partial kinematical information, but as we mentioned before, position is not a reliable parameter for the identification of such disperse groups of stars. That is why it is necessary to implement other methods for its identification.
In this paper we present a simple and effective method to identify candidate members of YNMGs when their full 6D position-velocity vectors are known. The method can be applied to any sample that combines reliable proper motions, radial velocities and distances. Our test dataset is the RAdial Velocity Experiment (RAVE) catalog (Kunder et al. 2017) , known to contain solar-type young star candidates.
This paper is organized as follows: we describe our sample selection in section 2, followed by a description of our methology in section 3. The results 3 of applying our method to the selected dataset are presented in section 4. Finally, section 5 contains a discussion and summary of this work.
SAMPLE
The RAVE catalog contains stars with F, G and K spectral types, distributed in brightness within 8 and 12 magnitudes in the near-infrared I band across the Southern hemisphere sky. The current (Data Release 5) RAVE catalog contains parameters for 520,630 individual stellar spectra, which are classified by means of a method called Local Linear Embedding (LLE, Matijevič et al. 2012) which is based on a dimensionality reduction algorithm (Roweis & Saul 2000) . The classification consists on applying the method directly to stellar spectra, reducing the number of dimensions (defined from a set of spectral features across previously defined spectral bins) that are needed to make the classification of a certain type of star. These dimensions are defined as spectral features common to an specific type of source. Each observed spectrum is compared against a grid of synthetic spectra in order to define a comparison subsample (5000 stars) from the previous data release. If the observed spectrum presents, with a certain level of confidence, features similar to those of other previously classified spectra in one or more dimensions, it is assigned a "flag" value (Matijevič et al. 2010) in the corresponding dimension, indicating the nearest classification type. For each source listed, twenty flags representing the spectral feature dimensions are listed and each flag contains a letter representing the closest among eleven different stellar spectral classes of sources (Matijevič et al. 2012) . The first three flags are those that have the highest weight in the classification. If these three first flags coincide, then the star has a high probability of belonging to that class.
For our study, we were interested in chromospherically active stars (CAS) in the RAVE catalog because it is estimated that about 40% of the CAS in RAVE coincide with high Hα emitters from the ESO-GAIA catalog (Žerjal et al. 2013; Zwitter et al. 2016) . The other ∼60% left could be young stars with not strong emission in that line or could be contaminants such as giants (see Section 4.2). For the selection of our sample we considered stars for which the 3 first flags coincided with type "chromospherically active". With this criterion we obtained a sample of 3128 stars with a high level of confidence of being CAS, from which many of them are expected to be young stars.
GAIA DR2 kinematic parameters
The RAVE catalog provides radial velocities for all sources in our sample RAVE provides good measurements for radial velocities, with uncertainties of 5 km/s or less). In order to obtain the kinematic parameters for our main analysis, we complemented the RAVE CAS sample with astrometric parameters obtained from the GAIA Collaboration Data release 2 (hereafter GAIA DR2 Gaia Collaboration et al. 2018) . From GAIA DR2 we obtained RA and DEC positions, parallaxes and proper motions in RA and DEC, for all the sources in the sample. Using the TOPCAT tool version 4.6-1 (Taylor 2005 ), we applied the method of BailerJones et al. (2018) to convert parallaxes into distance estimates using a local density exponential decrease prior with a scale parameter h = 500 pc. With this information we were able to provide 6-dimensional position-velocity vectors for all the sources in the sample.
3. DATA ANALYSIS
Velocity ellipsoids projections
The velocity vector of a star is fully determined by the radial velocity and the two components of its tangential velocity on the celestial sphere in addition to a parallax or distance to the source. In the 6-dimensional position-velocity space (hereafter PV6), each star is defined by six observational parameters: two coordinates (e.g. l, b in the Galactic coordinate system), the corresponding two proper motion components µ l , µ b , a parallax ϖ from which a distance can be estimated, and the radial velocity, usually calculated from Doppler shift measurements on a spectrum. From this, a PV6 vector (X, Y , Z, U, V , W ) can be determined.
We use a heliocentric frame and following the canonical scheme (e.g. Schönrich 2012), X and U are positive toward the galactic center, Y and V are positive along the direction of the galactic rotation, while Z and W are positive toward the galactic north pole. U, V and W are defined by equations 1,2 and 3 below (see Figure 1 , based on Figure 1 of Schönrich 2012):
where v r is the radial velocity, v l and v b are the tangential components of the velocity.
The U, V, W velocity components give us the velocity distribution for a given population, usually described to first approximation as a velocity ellipsoid, and scatter plots of any two such components give us projections of this ellipsoid. These projections can be used to look for overdensities that may represent YNMG of stars (e.g. Antoja et al. 2009 Antoja et al. , 2012 .
Lack of structure in the velocity ellipsoid projections
We constructed the velocity ellipsoid projections (see Figure 2 ) for our sample of RAVE CAS using 2-dimensional histograms. We look for substructure on top of the smooth ellipsoidal distribution, as signal of moving groups. Our criteria for these plots were a) a resolution of 3 km/s per bin, and b) to consider only those stars with velocity moduli smaller than 600 km/s. The latter was chosen from a histogram for (U,V,W ) values, indicating that more than 80% of our original sample was smaller than 200 km/s.
All three projections show an ellipsoidal-like distribution for our sample. The left panel of Figure  2 shows a clear vertex deviation with an angle of approximately 15
• , and an indication of an overdensity near (U,V ) = (−15, −20) plus a few small lumps near the center. The VW and UW projections are mostly featureless. However, we conclude that the signal to noise of these histogram images may not be high enough to resolve substructure clearly with our relative small sample. Increasing the resolution of these 2D histograms did not improve our results either, because the noise level also increased, making it actually more difficult to distinguish any overdensity features. Figure 3 shows a further effort to highlight and identify structures within the UV projection. We maintaned the resolution to a projection bin of 3 km/s and we applied a wavelet filtering method to the resultant image in order to highlight overdensity regions while removing extended low density structure. For this purpose we used an algorithm (B. Vandame, personal communication) based on the Multi-scale Vision Model (MVM) by Rué & Bijaoui (1997) . This filtering process allowed to highlight some possibly significant over-densities in the UV projection, as shown in Figure 3 . Our wavelet image shows four main lumps with sizes of about 10 km/s. The sizes and the separations between groups in our wavelet filtered map are consistent with the velocity ellipsoid projections for moving groups in the solar vicinity by Antoja -10,-20) is actually close with the Hyades, and the central lump is close to Coma Berenice, as reported in that work, but the coincidences are not exact, and the other two small lumps in our diagram are not directly related to any of their groups. On one hand, the differences could be explained by our use of GAIA DR2 parameters, which may be refining some values and highlighting distinct features. But on the other hand, our CAS sample is very different from theirs and we cannot venture to claim a real coincidence. Moreover, on Antoja work, they also used a higher resolution in their maps, but we cannot reach that resolution due to the size of our sample, which complicates the use of the velocity projections to identify additional structure. As we expect more than four YNMGs in our sample, we implemented an additional method to try to identify them.
The Cone Method
As shown in the velocity ellipsoid projection figures (Figures 2 and 3) , some substructure becomes apparent when using some contrast enhancing techniques, like the wavelet filter. The basic problem we have here is that we are dealing with projections, which diminishes the contrast of 3D substructure. As we are searching for stars that belong to a YNMG,they should constitute a kinematically "cold" group. This means that their velocity vectors, when seen from a reference frame away from its own barycenter, should all point roughly in the same direction. This is the basis of the method we introduce here. While this is still based on a projection, it is entirely different in its construction. First, a cone with vertex at the velocity frame origin is defined (see Figure 4) . The angles θ and φ define its orientation in this space (0 < θ 360
• along the U-V plane, measured from the first toward the second axis; −90
• φ 90
• perpendicular to the first axis and null for W = 0) and the angle α denotes its aperture. The unit vectorL indicates the cone symmetry axis:
Then, we identify all stars in the sample whose velocity vector v falls within this cone, i.e. the following condition is satisfied:
Notice that this condition is set in velocity space, not in configuration space, which means that the star position in configuration space is irrelevant. All stars that fall within the cone are assigned to this particular combination of (θ, φ) values. We then establish a (θ, φ) grid on the unit sphere and compute the number of stars assigned to each such gridpoint, calling it the Cone Method Sampling (CMS). The grid is designed so that each cell subtends equal solid angles. We can then generate star count maps on the unit sphere where local peaks indicate groupings of stars that share the same velocity vector orientations (within an angle α). Reducing the cone opening makes the criterion more stringent, allowing to identify colder clumps, but reduces the number of stars within a group. It is also obvious that α should not be reduced below the uncertainty in velocity orientations resulting from the errors in the observables. After we identified substructure using this procedure, it is necessary to assign to each peak a statistical significance, i.e. a measure of its probability 7 that it is not a mere chance fluctuation. For this, we need a null-hypothesis (NH) that all substructure is merely due to fluctuations due to counting of discrete events in a mesh. In our case, we use as NH a trivariate Gaussian distribution whose centroid and extent are given by the individual means and standard deviation of the individual U, V and W distributions of the sample. No correlation between the individual components is assumed, so no vertex deviation is considered. We then performed Monte Carlo sampling of the NH to construct 5,000 synthetic samples of equal size to the real one. At the end we built (θ, φ) maps of the expected median density of sources at each gridpoint under the hypothesis that no substructure really exists. We used these values, gridpoint by gridpoint, to establish the statistical significance of the peaks in the real sample, as we describe below.
Structure separation
We applied the CMS, as previously described (see Section 3.3), to our sample of RAVE CAS, in order to obtain the distribution of stars that satisfied the dot product condition in inequality 5. For our purposes, we chose the value α = 3
• , and our grid was constructed as follows: first, we made a cos(b) correction on latitude, to assure uniform coverage; then we used Nyquist sampling in order to reduce the step to half the resolution of the grid so no stars are left out of the counting. A map of the distribution of our CAS sample in the (θ, φ) grid is shown in Figure 5 .
In order to obtain a more reliable identification of possible YNMG from the CMS, we developed and implemented a method to identify structures within the map described above, based on the statistical significance of the counts at each position. Using the Monte Carlo realizations, we used the median of the count density at each position in the mesh for the NH case as a central estimator. We used the median because it is a more robust indicator for the distributions in each mesh point, which are in most cases positively skewed. Then, we obtained a deviation by calculating the absolute difference between the median and the value corresponding to the 90 percentile, also at each position of the mesh. The corresponding median and deviation maps are shown in the top-right and top-left panels of Figure 6 .
We define a reliability range at each position in the mesh as:
This way, we define high significance on all points as S > 1.5 and low significance as 1 < S < 1.5. A map that shows the final distribution of CMS counts using the significance estimator, is shown in the bottom panel of Figure 6 . We found a total of 646 stars located in mesh positions with high significance. These sources represent a new sample of solar type CAS candidates to be members of recently disaggregated young star clusters.
Uncertainty cone
It was necessary to corroborate that our choice for the cone opening value, α, was adequate for the detection of groups with similar velocity vector orientation in the RAVE CAS sample. This is, we need to make sure that α is consistently wide enough compared to the uncertainty in the angle betweenL and v. For this purpose, we constructed an error cone from the uncertainties in the U, V and W components. Using the following transformation expressions from the velocity to the cone space:
we determined the error propagation to first order, which provides δθ and δφ. This way we can determine δα as the equivalent radius of the area δθ × δφ, which corresponds to the opening of the cone formed with the uncertainties. A detailed derivation of δα is included on Appendix A. If δα is consistently smaller than the characteristic aperture α of the map (in our case 3
• .), we can trust that the aperture used is adequate for finding common kinematics between stars in our sample. We confirmed that more than 90% of the stars in our sample have an opening of the uncertainly cone smaller than α, indicating that the α value we use is reliable.
RESULTS

Moving Groups
After analyzing the significant regions with the method described above, we need to know if our selected stars have been already identified as members of YNMGs. For this purpose, we cross matched our list with a compilation of known members of YNMG including results from: Torres et al. (2006 Torres et al. ( , 2008 (β Pictoris, Columba, Tucana-Horologium), Dawson et al. (2012 Dawson et al. ( , 2013 Shkolnik et al. (2012) (AB Doradus, β Pictoris, Carina, Castor, η Chameleontis, Columba, TW Hydrae, Tucana-Horologium) and Zuckerman & Song (2004) (AB Doradus, η Chameleontis). The catalog contains information for over 2300 members of associations at distances smaller than ∼ 200 pc, with revised positions and information about which YNMG they each belong. We found a total of 75 matches with 10 known YNMGs, which are listed in Table 1 of Appendix B. In Figure 7 we show a map, in Galactic coordinates, To corroborate the reliability of our technique, we made the same analysis for a sample of 275 stars from BANYAN IV (Malo et al. 2014) . We found that with our method we recovered 173 stars of the initial sample which have S > 1.5 and 270 sources with S > 1. Determination of membership for each candidate using typical methods (e.g. spectroscopy; see for instance Binks et al. 2015) is beyond the scope of this study. In the ideal case, we should produce a table with individual membership probabilities based on known properties of YMNG groups, like average radial velocity, average distance, etc. However, this kind of information is difficult to recollect in a consistent way for most YNMGs. We only were able to make an acceptable comparison with the Beta Pictoris group (distance=18-40 pc, < v r >= 60km/s, extension = 40 pc. Malo et al. 2013; Moór et al. 2013) , were 80 stars in our remaining candidate sample coincide within the uncertainties with the characteristics of this group. For this reason, we chose instead to analyze the location of our CMS significant CAS in the HR diagram, focusing on the ages of the candidates, in order to highlight possibly young sources.
HR diagrams
The remaining 571 stars identified with our method, may still have kinematics in common even though they are not associated to any known YNMG. For instance, a number of these stars could be unidentified members or new groups. However, the list may also contain a fraction of contaminant sources. This mainly comes from the fact that 10 RAMIREZ-PRECIADO V ET AL. chromospheric activity is not exclusive of young stars; some types of evolved sources in the subgiant and giant branch (Özdarcan & Dal 2018) , and spectroscopic binaries (Fekel et al. 2002) may present chromospheric emission and be selected as RAVE CAS. This occurs because chromospherical activity can be present before and after the main sequence phase (Frasca et al. 2015) . As mentioned in Section 1, our main goal is to select members of recently dispersed young clusters, so we need to know which sources are consistent with young ages (10-10 2 Myr). The original goal of this work is the identification of YNMG member candidates through their kinematic signature, but estimating the individual ages of our candidates to isolate probably young stars, helps us to depurate our sample and to reinforce the results.
Combining the T e f f and A v from the RAVE DR5 catalog with the distances from Luri et al. (2018) and using the optical V magnitudes from APASS DR9 (Henden et al. 2016) , we constructed the HR diagram for the CMS candidate sample. This diagram allowed us to estimate the ages and masses of the candidates working with a method similar to that used by Suárez et al. (2017) , which basically interpolates the T eff and L bol into the stellar models from Bressan et al. (2012) and Marigo et al. (2017) to estimate masses and ages, as well as their uncertainties. For our purposes, in order to remove most of the contamination by evolved sources, we limited our candidate sample to those stars with M V 4.5 mag. After this cutoff, we selected those stars younger than 100 Myr. The resulting clean sample contains 290 candidates, which represents the ∼50% of the sample of YNMG member candidates. From the remain 280 removed stars, 70 stars are Hα-emitters. This percentage is consistent with the fraction of CAS in RAVE with high Hα emission (see Section 2). This show that the use of HR diagrams allows to depurate the YNMG member candidate selection.
In Figure 8 we show the HR diagram for the members and candidates of YNMGs. We can see that all of member and candidates lie between the 1 and 100 Myr isochrones from Marigo et al. (2017) and between the 0.5 and 1.6 M evolutionary tracks from Bressan et al. (2012) .
DISCUSSION AND SUMMARY
From our analysis, we found that the kinematic identification of YNMGs in the RAVE CAS sample, directly from the velocity ellipsoid projections, was not satisfactory. This is likely because the sample is not robust enough or, perhaps because the number of CAS sources that we can identify as known members of individual YNMGs is small. It may be possible that for a larger sample of stars, that included sources located in a larger volume, such method could be implemented successfully and its velocity ellipsoid could distinguish between groups with different kinematic signature.
Precisely this problem was the origin of our idea of the alternative method, the CMS we present in this paper. Our method uses directly the orientation of the velocity vectors in the velocity space to identify groups of stars with a common kinematic signature. This made our method distinc from others typically used.
While the idea behind the CMS is relatively simple, we showed that it can be a reliable tool, useful for the identification of kinematically cold groups. Moreover, the CMS appears to work well with small groups in relatively small samples like the RAVE CAS. In this sense, our method is not exclusive for groups of young stars. Our CMS, in principle, can be applied to any catalog of sources that have reliable observational parameters to construct PV6 vectors. This makes our method very well suited for other applications. We applied our method to samples of known groups and detected those overdensities on the (θ, φ) map.
With our method, we successfully identified 75 members of YNMGs previously reported in the literature (see appendix B). For the remaining sources in the sample, our analysis of the HR diagram, indicates that a significant number of sources are consistent with ages between 1 and 100 Mys, indicating that the RAVE CAS sample possibly contains dozens of young stars that belong to known or even new YNMG in the solar neighborhood. Follow-up work should focus on determination of membership for the stars in Table  C This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
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Some figures in this paper, as well as distance estimates were obtained with the fabulous TOPCAT software, which is described in Taylor The following error propagation is a linear approximation to obtain the suitable α aperture for the CMS. Starting from the definitions of θ and φ from the transformation of the velocity space
we calculated the error propagation at first order:
and
Considering that δα is the equivalent radius of the segment formed by δθ × δφ, then δα is calculated:
B. YNMG DETECTED MEMBERS IN THE CAS RAVE SAMPLE a Photometry of APASS DR9 (Henden et al. 2016) b Taken from GAIA DR2 (Gaia Collaboration et al. 2018) c Taken from Kunder et al. (2017) d Estimated with a method like Suárez et al. (2017) e Comparison with catalog provided by M. Rodriguez et al. in prep. Unknown refers to stars with no established membership to a YNMG. a Photometry of APASS DR9 (Henden et al. 2016) b Taken from GAIA DR2 (Gaia Collaboration et al. 2018) c Taken from Kunder et al. (2017) d Estimated with a method like Suárez et al. (2017) D.
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